Objective: Concentrations of adiponectin, an adipocytokine with insulin-sensitizing actions, may vary according to ethnic group. This study aimed to determine whether fasting adiponectin levels of Caucasian and African women differ. A second objective was to determine which components of the metabolic syndrome are more closely related to adiponectinemia in both groups. Design: A cross-sectional study including 102 urban African and 115 Caucasian women with a wide range of obesity aged 20-55 years. Methods: Anthropometric measurements were taken, namely weight, height, body mass index, waist circumference, and hip circumference. Cardiovascular measurements included blood pressure and arterial compliance. Fasting blood samples were taken to determine glucose, insulin, C-peptide, leptin, adiponectin, and lipid levels. Results: Mean adiponectin levels of the whole groups did not differ, but normal weight African women (NZ38) showed marginally lower adiponectin levels than their Caucasian counterparts (NZ41; PZ0.047). No differences in adiponectin were shown for overweight and obese women. Separate multiple regression analyses for ethnic groups showed that only homeostasis model assessment-insulin resistance (HOMA-IR) significantly contributed to the variance in adiponectin levels of African women, whereas leptin, triacylglycerol levels and HOMA-IR contributed significantly to adiponectin variance in Caucasian women. An additional multiple regression analysis in a combined ethnic group (NZ217) showed ethnicity to be a significant contributor to variances in adiponectin levels. Conclusions: Even though adiponectin levels of these ethnic groups are similar, different associations of adiponectin with leptin and triacylglycerol levels might indicate that there are ethnic differences regarding the mechanistic functions of adiponectin within the scope of the metabolic syndrome.
Introduction
Alarmingly high prevalence levels of the metabolic syndrome and type 2 diabetes in developed and developing countries are forcing scientists to review promising therapeutic agents. One of these agents is adiponectin, which is a novel peptide abundantly expressed in adipose tissue (1) . What makes this adipocytokine so attractive is its recently discovered anti-atherogenic (2, 3), anti-diabetic (4, 5) , and antiinflammatory (6, 7) properties. In contrast to other adipocytokines, adiponectin levels are inversely related to visceral fat area, and low levels have been associated with obesity, type 2 diabetes, and cardiovascular disease (8) (9) (10) (11) .
Low plasma levels of adiponectin characterize both obesity and insulin resistance (IR) (7) . Even though negative correlations have been found between adiponectin and obesity (8, 11) , it has been suggested that plasma adiponectin concentrations are more closely related to insulin sensitivity and fasting insulinemia than to adiposity and glycemia, and that factors other than adiposity must play a role in determining adiponectinemia (10, 12) . However, few studies have investigated whether this is true within different population groups, especially because of contradictory results regarding adiponectin levels and age, and adiponectin gender differences have been reported for Pima Indians (8, 13) compared with other population groups (8, 14) .
Comparative studies of adiponectinemia in populations with different propensities for obesity, IR, type 2 diabetes, and atherosclerosis are warranted (10) . Hulver et al. (15) published one of only a few studies examining ethnic differences in adiponectin levels. They found significantly lower adiponectin levels in normal weight African-American women compared with normal weight Caucasian women, with no difference between obese groups (15) . Weyer et al. (10) performed a comparative study between Caucasians and Pima Indians and found significantly lower levels of adiponectin in Pima Indians. It has been suggested that the association between adiponectin and insulin sensitivity may be race specific (15) .
Literature is limited regarding the metabolic health status of Africans. It is also unknown whether the results on African-Americans hold true for South Africans (16, 17) . The South African Demographic and Health Survey (18) described high rates of obesity, with women showing the highest levels for being obese or overweight (56%). The survey concluded that the predominant pattern of malnutrition in adult South Africans, particularly African women, is one of over-nutrition resulting in remarkably high rates of obesity. It is therefore clear that South Africa is in line with a number of other developing countries and faces a growing challenge in confronting the epidemic of type 2 diabetes mellitus that is likely to develop over the next few decades.
The aim of this study was to determine whether Caucasian and African women from South Africa differ regarding fasting adiponectin levels. A second objective was to determine which metabolic syndrome-related components (hyperinsulinemia, IR, obesity, dyslipidemia, and hyperleptinemia) are more closely related to adiponectinemia in both ethnic groups. This might provide more insight regarding the mechanistic functions of adiponectin, and whether this is similar for both African and Caucasian women.
Methods

Study design and subject selection
The study formed part of the Profiles of Obese Women with the Insulin Resistance Syndrome (POWIRS) study which involved 102 apparently healthy urban African women (working at a government institution in Potchefstroom) and 115 Caucasian women (working in Potchefstroom) from the North West Province, South Africa. More detail regarding the methods of the full study have been described elsewhere (18) , but all relevant information for the present study is provided below. The inclusion criteria were apparently healthy women aged between 20 and 55 years. Since body mass index (BMI) effectively predicts body fat percentage (19) , subjects were recruited based on their BMI. Three groups of subjects were selected based on guidelines in the Report of the World Health Organization Consultation on Obesity (20) , being i) normal range (lean) with BMI: 18.5-24.9 kg/m 2 ; ii) overweight (pre-obese) with BMI: 25-29.9 kg/m 2 ; and iii) obese with BMIR30 kg/ m 2 . Pregnant and lactating women and those with oral temperatures above 37 8C were excluded.
Ethical considerations
The study was approved by the Ethics Committee of the North-West University and the procedures followed were in accordance with the Helsinki Declaration of 1975, as revised in 2000. All subjects were fully informed about the objectives and procedures of the study prior to their inclusion, and assistance was available to provide information in their home language. All subjects signed an informed consent form.
Organizational procedures
After arrival at a Metabolic Unit Facility, subjects were introduced to the setup and after the experimental procedures were explained to them, they voluntarily signed informed consent forms. Each subject received a 'participant sheet' which guided them through the different research 'stations' where the various measurements were done. During the course of the evening, demographic questionnaires were filled in and anthropometric measurements were taken. All participants received a similar light supper which excluded alcohol and caffeine at 2000 h and went to sleep before 2300 h, thus fasting overnight. From 0600 h in the morning, blood pressure measurements were taken. Afterwards a fasting blood sample was taken.
Anthropometric measurements
One experienced anthropometrist was responsible for all measurements of height (stature), weight, and waist and hip circumferences of subjects in their underwear with calibrated instruments (Precision Health Scale, A & D Company, Japan; Invicta Stadiometer, IP 1465, UK; Holtain unstretchable metal tape, Crymych, UK; John Bull calipers, British Indicators, London, UK). Measurements were done using standard methods as described by Norton & Olds (21) . The researcher's measurements were standardized and were taken in triplicate.
Cardiovascular measurements
A 7-min continuous measurement of cardiovascular parameters using the Finometer device (FMS, Finapres Measurement Systems, Amsterdam; 20-22) was taken by a cardiovascular physiologist and analyzed with the Beatscope 1.1 (FMS, Amsterdam, The Netherlands) software program to obtain systolic (SBP) and diastolic blood pressure (DBP), as well as the Windkessel arterial compliance. In its simplest, two-element form, the Windkessel model describes the circulation in terms of parallel resistance and capacitance components. The resistance element corresponds to measured peripheral vascular resistance, while the capacitance element corresponds to the compliance of the arterial circulation (23) .
The vascular unloading technique of Peñ áz together with the Physiocal criteria of Wesseling provided reliable, non-invasive, and continuous estimates of blood pressure which are useable especially in comparative studies, as with this one (20, 24, 25) . Since the pressure waveform is available continuously, computations provide further information on the dynamics of the cardiovascular system, similar to intra-arterial measurements (20, 22, 24, 25) .
Blood, serum and plasma samples
A fasting blood sample was drawn from the vena cephalica by an experienced research nurse using a sterile winged infusion set and syringes. Serum lipids, glucose, insulin, C-peptide, leptin, and adiponectin levels were measured later in the laboratory, but blood glucose was measured directly in the Metabolic Unit with an enzymatic method to screen for diabetes mellitus (LifeScan SureStep Blood Glucose Monitoring System, LifeScan Inc., Milputas CA 9535, 1995, USA). For preparation of serum, blood was allowed to clot in glass tubes, centrifuged at 3500 r.p.m. for 10 min (Universal 16, Hettich, Tuttlingen, Germany), and transferred to 1.5 ml Eppendorff tubes. EDTA blood was prepared by transferring 5 ml blood into EDTA glass tubes. All serum and plasma samples were immediately stored at K80 8C in the laboratory.
IR was estimated by the homeostasis model assessment (HOMA-IR index) calculated as the product of fasting glucose and insulin, divided by 22.5.
Biochemical analyses
Serum lipids were measured on a Vitros DT60 II Chemistry System with Vitros DT slides. Serum leptin was measured with 125 I IRMA kit (Diagnostic Systems Laboratories Inc., Webster, TX, USA; Cat. No. DSL-23100). Plasma glucose was measured with the hexokinase method (inter assay coefficient of variation (CV) 1.5%). Analysis of insulin and C-peptide levels was performed by enzyme immunoassay (BioSource EUROPE S A Belgium; inter assay CV 7.5%, no cross reactivity with human proinsulin). Adiponectin levels were determined with the Human Adiponectin ELISA kit (BioCat GmbH, Heidelberg, Germany). Adiponectin, insulin, C-peptide, and glucose analyses were performed at the Medical Faculty of the Technical University, Dresden, Germany.
Statistical analysis
A power analysis for the present study revealed that 35 subjects are needed per group to reveal significant differences in adiponectin levels (when taking an S.D. of 4.5 ng/ml, and a physiological difference of 1.5 ng/ml between groups into account). All processed data were transferred to Microsoft Excel and further statistically analyzed by means of the software computer package Statistica Version 7. Means and 95% CVs were calculated. Data that were not normally distributed were logarithmically transformed, and these included: adiponectin, triacylglycerol, and leptin. Independent t-tests were performed to determine significant differences in physical and metabolic variables between African and Caucasian women. Pearson correlation coefficients were performed for each ethnic group between log adiponectin levels and other components of the metabolic syndrome. Multiple regression analyses were performed for each ethnic group with log adiponectin as the dependent variable, and metabolic variables as independent variables. BMI was included as marker of obesity within this list of independent variables also due to its suggested strong correlation with leptin levels. Significant interaction terms were determined by 2!2 ANOVAs between ethnicity and BMI, log triacylglycerol, log leptin, log adiponectin, and HOMA-IR. A multiple regression analysis was also performed in a combined ethnic group with ethnicity included in the independent variable list.
Results
Physical and metabolic characteristics of the participating African and Caucasian women are shown in Table 1 . Even though the two groups had similar ages, BMIs and waist-to-hip ratios, the data show clearly that the Caucasian women were roughly 10 cm taller and 10 kg heavier than their African counterparts. The Caucasian women also had a significantly greater waist circumference (WC; PZ0.024). The African women had higher blood pressure (SBP, PZ0.042; DBP, P!0.001) and leptin levels (PZ0.026), and lower Windkessel arterial compliance (P!0.001) and triglyceride levels (P!0.001) than the Caucasian women. There were no differences regarding their adiponectin levels (PZ0.52), and all other measures of hyperinsulinemia and IR were also similar.
When comparing adiponectin and leptin levels of the two ethnicities for each level of obesity (i.e. normal weight, overweight, and obese groups), the normal weight groups showed the most significant results ( Table 2 ). The normal weight African women showed higher leptin (P!0.001) and somewhat lower adiponectin levels (PZ0.047) than their Caucasian counterparts. The overweight African women had significantly higher leptin (PZ0.019) but similar adiponectin levels than the Caucasian women, whereas no differences were shown between the obese African and Caucasian women.
In order to investigate the direct associations between adiponectin and metabolic syndrome components, correlations were performed within each ethnic group (Table 3) . Fasting adiponectin levels showed significant correlations with most components in both ethnic groups. These included inverse correlations with age (African women only), obesity (BMI, WC), triacylglycerol, leptin, fasting glucose, insulin, C-peptide, and IR (HOMA-IR). Neither ethnic group showed a significant correlation with SBP, whereas both correlated negatively with DBP. Only the Caucasian women showed a significant negative correlation with arterial compliance. Adiponectin levels of both groups correlated positively with high density lipoprotein levels.
Multiple regression analyses were performed separately for each ethnic group, with log adiponectin as the dependent variable (shown in Table 4 ). Independent variables included in this model were age, one measure for obesity (BMI), one measure for lipid metabolism (log triacylglycerol), one measure for IR (HOMA-IR), and log leptin. For the African women the variance in adiponectin level was explained mostly (and significantly) by IR (HOMA-IR). The variance in adiponectin level of the Caucasian women was mostly (and significantly) explained by triacylglycerol, leptin, and HOMA-IR levels.
When investigating the role of ethnicity in a combined group of African and Caucasian women, significant interaction terms for ethnicity and two other components were found, namely triacylglycerol and leptin levels, i.e. for triacylglycerol, (F(1217)Z 67.23; P!0.001); and leptin, (F(1217)Z5.02; PZ0.026). Interaction terms for ethnicity and BMI, adiponectin and IR were found to be non-significant, i.e. for BMI (F(1217)Z0.294; PZ0.588); adiponectin, (F(1217)Z0.421; PZ0.517); and for HOMA-IR (F(1217)Z0.05; PZ0.819). Results of a multiple regression analysis with log adiponectin as the dependent variable, and where ethnicity was included in the independent variable list, are shown in Table 5 . Results showed that variation in adiponectin levels was significantly explained by ethnicity, triacylglycerol, leptin, and HOMA-IR. 
Discussion
The present study revealed two important findings. First, it confirmed previous findings from AfricanAmerican subjects (15) , namely that normal weight African women have marginally lower plasma adiponectin levels than normal weight Caucasian women (12.0 vs 13.7 ng/ml; PZ0.047). This statistically significant difference, which is also accompanied by increased leptin levels in the African women, seems to disappear as levels of obesity progresses, since there were no differences in adiponectin (or leptin) levels between the obese African and Caucasian women. The sizes of the subject groups, at 38 and 41, could be questioned, even though a power analysis revealed that 35 subjects would be enough. Nevertheless it is questionable in the first place whether the adiponectin difference in the normal weight groups are truly biologically significant. Values were physiologically in close range and this difference should be interpreted with caution. It is notable that when the whole groups were compared, the adiponectin levels were also similar, even though leptin levels were elevated in the African women. Secondly, the most prominent finding of this study is that the African women exhibited different associations with adiponectin than the Caucasian women in the multiple regression analysis ( Table 4 ). The adiponectin levels of the Caucasian women showed the strongest associations with IR, leptin, and lipids, which is in line with existing literature (10, 12) . Both Weyer et al. (10) and Ryan et al. (12) concluded in their studies on Caucasians (NZ126) and African-Americans (NZ22), and Caucasians (NZ23) and Pima Indians (NZ121) that the degree of hypoadiponectinemia is more closely related to the degree of IR and hyperinsulinemia than to that of adiposity and glucose intolerance. The results of the present study also confirm this in African women. However, the total variance in adiponectin level of the Caucasian women was also significantly described by other components of the metabolic syndrome, namely triacylglycerol (bZK0.36, P!0.001) and leptin (bZK0.28, P!0.026). In African women it seems as if only IR plays an important role in its association with adiponectin levels, whereas other components of the metabolic syndrome were not closely associated (as concluded from the various entered independent variables). From this result, it could therefore be argued that possible ethnic differences might exist regarding the functioning of adiponectin within the scope of the metabolic syndrome.
The possibility of ethnic differences was reconfirmed in a final regression analysis (Table 5) . Here it is shown clearly that ethnicity (together with the previously listed variables, namely IR, leptin, and triacylglycerol levels) significantly contributes (bZ0.17, PZ0.017) to the variance in adiponectin levels of the combined group of African and Caucasian women. There are probably two main factors that should be considered in an attempt to understand these differences. First, it is possible that certain genetic factors may be involved in determining the relationship and involvement of adiponectin with other components of the metabolic syndrome. It has been reported that adiponectin levels have a genetic heritability of 46% (26), and genetic polymorphisms in the adiponectin gene were shown to be associated with both obesity and IR (27) . Yet, the mechanisms by which adiponectin influences IR, as well as its association with obesity in humans, are unknown. A second factor to be considered is the environment in which the two population groups of this study have developed. In South Africa, the social and physical environment of development of the Caucasian women are usually very similar to those of populations in the Western world, such as Europe or the USA, with abundant availability of the necessary resources. The conditions of most African women, however, are usually characterized by poverty, food insecurity, stunted growth (28), undernutrition in early life, and overnutrition in later life (29) (30) (31) (32) . This is not the first study to reveal differences in metabolic syndrome components between the South African Caucasian and African population groups. High prevalences of hypertension (33) have been described in black South Africans compared with Caucasians, with clearly different treatment approaches (34) . Africans have low levels of triacylglycerol, and high levels of HDL-cholesterol (31, 35, 36) compared with Caucasians in South Africa. The results of the present study also show differences regarding body size, namely lower height and body weight in African women. Others have also indicated that the highest levels of obesity in South Africa are amongst urban African women (18, 37) . The results of the present study show that the leptin level of the African women (normal and overweight groups) was significantly higher than those of the Caucasian women. In addition, even though correlation coefficients showed negative relationships between leptin and adiponectin in both ethnic groups, the multiple regression analysis which integrates all intercorrelations between independent variables showed associations between leptin and adiponectin only in Caucasian women (Table 3) , thus not in African women. This is an interesting result, especially when it is taken into consideration that the negative slopes (b-values) of leptin and IR were similar for the Caucasian women, i.e. contributing to adiponectin variance to the same extent. The African women showed the contrary with a much stronger negative b-value for IR than leptin levels. This result might indicate that the factors involved in the development and progression of the metabolic syndrome (and ultimately type 2 diabetes) might differ between ethnic groups, whether it is a result of the environment or genetic factors. In addition, this may make possible adiponectin treatment options a challenging endeavor. Nevertheless it is a good indication that adiponectin is negatively associated (in correlations and in multiple regression analysis) with IR, which seems to be at the core of the metabolic syndrome.
The results of the current study emphasize that not only do these groups differ regarding levels of specific hormones or factors associated with the metabolic syndrome, but also regarding the interaction between these variables during the development of the metabolic syndrome and type 2 diabetes. Exactly how the increased levels of adiposity (and leptin) and decreased levels of adiponectin impact on the mechanisms by which the metabolic syndrome and type 2 diabetes arise in the African population remains unclear at this stage.
The limitations of this study are that only data for women are available, as well as the relatively small sizes of the subject groups. Though the subject groups are comparable with other publications on the same topic, larger sample sizes would be even better when similar analyses are being performed. Nevertheless, this is the first study to present results for a sub-Saharan African population group.
To conclude, even though adiponectin levels of African and Caucasian women are similar, it is clear that there are differences in the associations of adiponectin with different aspects of the metabolic syndrome in these two ethnic groups. In African women adiponectin is mostly associated with hyperinsulinemia, whereas adiponectin of Caucasian women is also related to leptin and lipid levels. More experimental studies of the in vitro and in vivo effects of adiponectin on other adipocytokines, insulin signaling, and glucose metabolism are needed within these ethnic groups to establish whether adiponectin has a role as mediator or molecular link between obesity and hyperinsulinemia. 
